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Type Ia supernovae1 are destructive explosions of carbon oxygen white dwarfs2,3. Although 
they are used empirically to measure cosmological distances4-6, the nature of their progenitors 
remains mysterious3, One of the leading progenitor models, called the single degenerate channel, 
hypothesizes that a white dwarf accretes matter from a companion star and the resulting 
increase in its central pressure and temperature ignites thermonuclear explosion3,7,8. Here we 
report observations of strong but declining ultraviolet emission from a Type Ia supernova 
within four days of its explosion. This emission is consistent with theoretical expectations of 
collision between material ejected by the supernova and a companion star9, and therefore 
provides evidence that some Type Ia supernovae arise from the single degenerate channel. 
 
On UTC (Coordinated Universal Time) 2014 May 3.29 the intermediate Palomar Transient 
Factory (iPTF)10 discovered an optical transient, internally designated as iPTF14atg, in the apparent 
vicinity of the galaxy IC 831 at a distance of 93.7 megaparsecs (see Methods subsection 
‘Discovery’). No activity had been detected at the same location in the images taken on the 
previous night and earlier, indicating that the SN likely exploded between May 2.29 and 3.29. Our 
follow-up spectroscopic campaign (See Extended Data Table 1 for the observation log) established 
that iPTF14atg was a Type Ia supernova (SN Ia). 
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Upon discovery we triggered observations with the Ultraviolet/Optical Telescope (UVOT) and the 
X-ray Telescope (XRT) onboard the Swift space observatory11 (observation and data reduction is 
detailed in Methods subsection ‘Data acquisition’; raw measurements are shown in Extended Data 
Table 2). As can be seen in Figure 1, the UV brightness of iPTF14atg declined substantially in the 
first two observations. A rough energy flux measure in the UV band is provided by 
ν fν ≈ 3×10−13ergs cm−2  s−1  in the uvm2 band. Starting from the third epoch, the UV and 
optical emission began to rise again in a manner similar to that seen in other SNe Ia. The XRT did 
not detect any X-ray signal at any epoch (Methods subsection ‘Data acquisition’). We thus 
conclude that iPTF 14atg emitted a pulse of radiation primarily in the UV band. This pulse 
with an observed luminosity of LUV ≈ 3×1041ergs s−1  was probably already declining by the 
first epoch of the Swift observations (within four days of its explosion).  
 
Figure 1 also illustrates that such an early UV pulse from a SN Ia within four days of its 
explosion is unprecedented12,13. We now seek an explanation for this early UV emission. 
As detailed in Methods subsection ‘Spherical models for the early UV pulse’, we 
explored models in which the UV emission is spherically symmetric with the SN 
explosion (such as shock cooling and circumstellar interaction). These models are unable 
to explain the observed UV pulse. Therefore we turn to asymmetric models in which the 
UV emission comes from particular directions. 
 
A reasonable physical model is UV emission arising in the ejecta as the ejecta encounters 
a companion9, 14. When the rapidly moving ejecta slams into the companion, a strong 
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reverse shock is generated in the ejecta that heats up the surrounding material. Thermal 
radiation from the hot material, which peaks in the ultraviolet, can then be seen for a few 
days until the fast-moving ejecta engulfs the companion and hides the reverse shock 
region. We compare a semi-analytical model9 to the Swift/UVOT lightcurves. For 
simplicity, we fix the explosion date at May 3. We assume that the exploding white dwarf 
is close to the Chandrasekhar mass limit (1.4 solar mass) and that the SN explosion 
energy is 1051 ergs. These values lead to a mean expansion velocity of 104 km s−1 for the 
ejecta. Since the temperature at the collision location is so high that most atoms are 
ionized, the opacity is probably dominated by electron scattering. To further simplify the 
case, we assume that the emission from the reverse shock region is blackbody and 
isotropic. In order to explain the UV lightcurves, the companion star should be located 60 
solar radii away from the white dwarf (Model A; black dashed curves in Figure 1). 
 
There are several caveats in this simple semi-analytical model. First, the model 
parameters are degenerate. For example, if we reduce the SN energy by a factor of two 
and increase the binary separation to 90 solar radii, the model lightcurve can still account 
for the observed UV luminosities (Model B; blue dashed curves in Figure 1). Second, the 
emission from the reverse shock region is not isotropic. The UV photons can only easily 
escape through the conical hole carved out by the companion star and therefore the 
emission is more concentrated in this direction. Third, the actual explosion date is not 
well constrained, so that when the companion collision happened is not clear. Our multi-
wavelength observations soon after discovery of the SN provide a good data set for 
detailed modeling. 
	   5	  
 
We also construct the spectral energy distribution (SED) from the photometry and 
spectrum of iPTF14atg obtained on the same day of the first UVOT epoch and compare it 
with the blackbody spectra derived from Models A and B. As can be seen in Figure 2, the 
model blackbody spectra are consistent with the overall shape of the SED, indicating that 
the emitting regions can be approximated by a blackbody with a temperature of 11000 K 
and a radius of 6,000 solar radii. 
 
Next, given the diversity of Type Ia SNe, we investigate the specifics of iPTF14atg using 
its multi-band lightcurves (Figure 3) and spectra (Figure 4). First, the existence of Si II 
and S II absorption features in the pre-maximum spectra indicates that iPTF14atg is 
spectroscopically a Type Ia SN1. Second, iPTF14atg, with a peak absolute magnitude of 
−17.9 mag in the B-band, is 1.4 magnitudes fainter than normal SNe Ia that are used as 
cosmological distance indicators15. Subluminous SNe Ia belong to three major families 
with prototypical events being SN1991bg16, SN2002cx17, 18, and SN2002es19. A 
comparative analysis of lightcurves and spectra between iPTF14atg and the three families 
(detailed in Methods subsection ‘SN specification’) shows that: iPTF14atg is more 
luminous than SN1991bg and evolves more slowly than SN1991bg in both the rise and 
decline phases. The expansion velocity of iPTF14atg estimated from absorption lines are 
systematically lower than those of SN1991bg. SN2002cx and iPTF14atg have similar 
lightcurves, but iPTF14atg shows deep absorption features in the pre-maximum spectra 
that are not seen in SN2002cx and the post-maximum absorption features of iPTF14atg 
are generally weaker than those seen in SN2002cx. We only have limited knowledge 
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about the evolution of SN2002es. Despite the fact that SN2002es is one magnitude 
brighter at peak than iPTF14atg and that the lightcurve of SN2002es shows an 
accelerating decline about 30 days after its peak, which is not seen in iPTF14atg, 
iPTF14atg shows a reasonable match to SN2002es in both lightcurve shape and spectra 
with higher line velocities. In addition, the host galaxy IC831 of iPTF14atg is an early-
type galaxy. This is consistent with hosts of known SN2002es-like events, while the 
majority of SN2002cx-like events occur in late-type galaxies18, 20. Therefore, we 
tentatively classify iPTF14atg as a high-velocity version of SN2002es. 
 
Our work along with recent suggestions for companions in SN2008ha21 and SN2012Z22 
hints that subluminous SNe with low velocities, such as SN2002cx and SN2002es, arise 
from the single degenerate channel. In contrast, there is mounting evidence that some 
SNe Ia result from the double degenerate channel23, 24 in which two WDs merge or collide 
and then explode in a binary or even triple system3. Clearly determining the fraction of 
SNe Ia with companion interaction signatures can disentangle the SN Ia progenitor 
puzzle. Prior to our discovery, searches for companion interaction have been carried out 
in both UV13, 25, 26 and ground-based optical data27, 28. However, very few SNe were 
observed in the UV within a few days of their explosions. Our observation of iPTF14atg 
also demonstrates that the interaction signature is not distinctive in the optical bands.  
 
Therefore rapid UV follow-up observations of extremely young SNe or fast-cadence UV 
transient surveys are warranted to probe the companion interaction of SNe Ia. Given the 
observed UV flux of iPTF14atg, ULTRASAT29 (a proposed space telescope aimed at 
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undertaking fast-cadence observations of the UV sky) should detect such events up to 
300 megaparsecs. Factoring in its field-of-view of 210 square degrees, ULTRASAT will 
detect three dozen SNe Ia of all kinds within this volume during its two-year mission 
lifetime. In fact, the UV flux of the SN-companion interaction is brighter at earlier 
phases. Thus, ULTRASAT may discover more such events at greater distances. Since up 
to a third of SNe Ia are subluminous18, ULTRASAT survey could definitively determine 
the fraction of events with companion interaction and thus the rate of events from the 
single degenerate channel. 
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Figure 1: Swift/UVOT lightcurves of iPTF14atg. iPTF14atg lightcurvs are shown in 
red circles and lines and are compared with those of other SNe Ia (gray circles). The 
magnitudes are in the AB system. The 1-σ error bars include both statistical and 
systematic uncertainties in measurements. Lightcurves of other SNe and their explosion 
dates are taken from previous studies13,26. In each of the three UV bands (uvw2, uvm2 and 
uvw1), iPTF14atg stands out for exhibiting a decaying flux at early times. The blue and 
black dashed curves show two theoretical lightcurves derived from companion interaction 
models9. 
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Figure 2: The spectral energy distribution of iPTF14atg. The spectral energy 
distribution of iPTF14atg on May 6 (three days after explosion) is constructed by using 
the PTF r-band magnitude (red), an optical spectrum (gray), and Swift/UVOT 
measurements (green circle) and upper limit (green triangle). The error bars denote 1-σ 
uncertainties. The blue and black blackbody spectra correspond to the model lightcurves 
of the same color in Figure 1. 
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Figure 3: The multi-color lightcurve of iPTF14atg. Following the convention, the 
magnitudes in B and V bands are in the Vega system while those in g, r and i in the AB 
system. Error bars represent 1-σ uncertainties. 
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Figure 4: Spectral evolution of iPTF14atg. The spectra of iPTF14atg (black) are 
compared with those of SN2002es (green) at the SN max and a week after max. The 
SN2002es spectrum at max is blue-shifted by 2,000 km s−1 and that at +1 week is blue-
shifted by 1,000 km s−1. Ticks at the bottom of the plot label major absorption features in 
the spectra. 
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Methods 
1 Discovery 
The intermediate Palomar Transient Factory (iPTF) uses the 48-inch Samuel Oschin 
telescope (P48) at Palomar Observatory, CA, USA to characterize optical transients and 
variable stars10. A single P48 frame has a field of view of 7.2 square degrees and achieves 
a detection threshold of r(AB) ~ 21mag (5-σ, i.e., 99.9999% Confidence Level, hereafter 
99.9999% CL). In 2014 spring and summer, iPTF conducted a fast-cadence experiment 
to search for young transients. Every field was monitored twice separated by about an 
hour every night (weather permitting). Transients were identified in real time by a 
monitoring group aided by machine-learning classifiers34–36. Panchromatic follow-up of 
young transients was carried out within hours after discovery37. 
 
The SN iPTF14atg was discovered on UT 2014 May 3.29 at α(J2000) = 12h52m44s.8 and 
δ(J2000) = +26o28’13”, about 10” east with no measurable offset in declination from the 
apparent host galaxy IC 831. It had an r-band magnitude of 20.3 upon discovery. No 
source was detected at the same location on images taken on UT 2014 May 02.25 and 
02.29 down to a limiting magnitude of r ≈ 21.4 (99.9999% CL). No activity had been 
found at this location in the iPTF archival data in 2013 (3 epochs) and 2014 (101 epochs) 
down to similar limiting magnitudes. This SN was also independently discovered by 
ASASSN on May 2238 and classified as a SN 1991bg-like Type Ia SN on June 339. 
 
SDSS (Data Release 12) measured the redshift of IC 831 to be 0.0212940. With the 
cosmological parameters measured by Planck (H0 = 67.8 km s−1 Mpc−1, Ωm = 0.307, ΩΛ = 
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0.691 and Ων  = 0.001)41, we calculate a co-moving distance of 93.7 megaparsecs and a 
distance modulus of 34.9 mag for IC831. 
 
Upon publication, photometric data presented in this paper will be made publicly 
available through the online version of the letter. Both photometric and spectroscopic 
data will also be made publicly available on WISeREP42. 
 
2 Data acquisition 
Swift observations and data reduction Starting on May 6, the Ultraviolet & Optical 
Telescope (UVOT)43 and the X-ray Telescope (XRT)44 onboard the Swift space 
Observatory11 observed iPTF14atg for fourteen epochs in May and June (summarized in 
Extended Data Table 2). In order to subtract the host galaxy contamination, reference 
images were taken six months after the SN explosion. Visual inspection to the reference 
images ensures that the SN has faded away. 
 
Photometric measurements of the UVOT images were undertaken with the uvotsource 
routine in the HEASoft package45. Instrumental fluxes of iPTF14atg were extracted with 
an aperture of radius 3” centered at the location determined by the iPTF optical images 
and the sky background is calculated with an aperture of radius 20” in the vicinity of 
iPTF14atg. The fluxes were then corrected by the growth curves of UVOT point spread 
functions (PSFs) and for coincidence loss. Then the instrumental fluxes were converted 
to physical fluxes using the most recent calibration46. The host galaxy flux is measured 
with the same aperture in the reference images. The XRT data were analyzed with the 
	   19	  
Ximage software in the HEASoft package. We estimated count rate upper limits at a 
99.7% CL at the location of iPTF14atg for non-detections. 
 
We use WebPIMMS47  to convert the XRT upper limit on May 6 to physical quantities. 
As shown in Figure 2, the optical and UV data taken on the same day can be 
approximated by a blackbody model with a temperature T =1.1×104K  and radius of 
6,000 solar radii. Using the blackbody model with the radius fixed to the above value and 
setting the interstellar column density of hydrogen to NH = 8×1019cm−2  as is appropriate 
towards this direction48 we find that the XRT upper limit of counting rate agrees with a 
temperature T <105K . 
 
Ground-based observations and data reduction As described in §1, P48 observed the 
iPTF 14atg field every night (weather-permitting) until July 2. The host galaxy 
contamination in these images was removed with the aid of a reference image which was 
built by stacking twelve P48 pre-SN images.  We then performed the PSF photometry on 
the subtracted images.  The photometry is calibrated to the PTF-IPAC catalog49. 
 
We also triggered LCOGT to follow up iPTF14atg in griBV filters. Because reference 
images were not available, we used an image-based model composed of a PSF and a low-
order polynomial to model the SN light and its underlying galaxy background 
simultaneously. The photometry is then calibrated to the SDSS catalog. 
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Our optical spectroscopic observation log is presented in Extended Data Table 1. 
Spectroscopic data were reduced with standard routines in IRAF and/or IDL. 
 
We also observed iPTF14atg with the Jansky Very Large Array on May 16 at both 6.1 
GHz (C-band) and 22 GHz (K-band). The observation was performed in the A 
configuration using J1310+3220 as a phase calibrator and 3C286 as a flux 
calibrator.  The data were reduced using standard routines in the CASA software. The 
observation resulted in a null-detection at both bands with an upper limit of 30 µJy 
(99.7% CL). Note that the radio observation is taken ten days after iPTF14atg discovery. 
 
3 Spherical models for the early UV pulse 
In this section we consider models spherically symmetric to the SN explosion center to 
interpret the early UV excess seen in iPTF14atg. In the first model, we investigate the 
possibility that the UV pulse is powered by radioactive decay. The rise time of a SN peak 
is roughly characterized by the diffusive timescale from the radioactive layer to the 
photosphere, i.e., 
τ ∝
κMej
cvexp
"
#
$$
%
&
''
1/2
,  
where Mej  is the mass of ejecta outside the radioactive layer, κ is the mean opacity of the 
ejecta, c  is the speed of light and vexp  is the mean expansion velocity. To further simplify 
the situation, we assume that κ remains roughly constant in the rise phase of a SN. If the 
mean expansion velocity vexp  also does not change significantly, then the UV pulse of 
iPTF14atg within four days of its explosion and its main radiation peak observed about 
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20 days after explosion indicate two distinct radioactive layers. The shallow layer above 
which the ejecta mass is about 4% of the total ejected mass powered the UV pulse. 
Furthermore, if the radioactive element in the shallowest layer is 56Ni, then the UV 
luminosity of 3×1041ergs s−1  requires a 56Ni mass of 0.01 solar mass. Such a 
configuration has been widely discussed in double-detonation models where a carbon-
oxygen white dwarf accretes mass from a helium star. After the helium shell on the 
surface of the white dwarf reaches a critical mass, helium burns in a detonation wave 
with such force that a detonation is also ignited in the interior of the white dwarf, making 
a supernova explosion of sub-Chandrasekhar mass. However, nuclear burning on the 
surface not only makes 56Ni, but a layer containing iron-group elements. These elements 
have a vast number of optically thick lines in the UV to effectively reprocess UV photons 
into longer wavelengths. Therefore we would not have observed the UV pulse at the early 
time in this scenario50. In addition, some double-detonation models predict weak Si II 
6355 Å absorption near the SN peak51, which contradicts the observed deep Si II 
absorption in iPTF14atg. Therefore we consider this model as not consistent with 
observations. 
 
A second model is that the emission arises from circumstellar gas around the progenitor. 
The circumstellar gas is heated up by either high energy photons from the SN shock 
breakout (Case 1) or the SN shock itself (Case 2). We assume that the circumstellar gas is 
optically thin and thus the plausible radiation mechanism is bremsstrahlung. Consider a 
simple model of a sphere of radius Rs that contains pure material with an atomic number 
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Z and a mass number A.  The material is completely ionized, so the electron density ne 
and the ion density ni are related by ne = Zni. The bremsstrahlung luminosity is 
Lff =1.4×10−27T1/2neniZ 2 ×
4π
3 Rs
3,  
where all physical quantities are in CGS units. We further assume the critical case that 
the optical depth of the sphere is unity, i.e., 
τ s = neσ TRs =1.  
Then we can derive analytical expressions for the luminosity, the total mass of the sphere 
M and the thermal energy Q in terms of A, Z, Rs, and temperature T , i.e., 
Lff = 5.0×1041ZR17T51/2  ergs s−1,  
M = 4π3 Rs
3 ×niAu = 53
A
Z R17
2Msun,  
Q = 4π3 Rs
3 × ni + ne( )×
3
2 kBT =1.3×10
48 ×
Z +1
Z ×R17
2T5  ergs,  
where Rs = R17 ×1017cm , T = T5 ×105K , and u is the atomic mass unit. Because no 
hydrogen is seen in the iPTF14atg spectra, we assume that the sphere is dominated by 
helium, then A = 4 and Z = 2. 
 
In the first case, the circumstellar gas is heated up by the high energy photons from the 
SN shock breakout. The temperature of the gas is roughly 11,000 K as determined by the 
optical-UV SED. In order to account for a UV luminosity of 3 × 1041 erg s−1, the radius 
Rs has to be as large as 3 × 1016 cm. The total mass of the sphere would be ten solar mass 
and the total thermal energy 1047 ergs. If the optical depth of the sphere is larger than 
unity, then we will end up with an even more massive sphere. So we are forced to invoke 
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a sphere containing a mass much larger than a typical SN Ia. Absence of strong Na ID 
lines also argue against such a massive circumstellar material. In addition, the elliptical 
host galaxy with no star forming activity also excludes existence of massive stars. 
 
In the second case, the circumstellar gas is ionized by the SN shock. The SN shock has a 
typical velocity between 20,000 km s−1 and 5,000 km s−1. Hence, in four days of the SN 
explosion, the SN shock traveled to Rs ~1015cm . To account for the UV pulse, this small 
radius then requires an extremely high temperature of 107 K, which is inconsistent with 
the observed SED. Therefore we discard this model. 
 
4 SN specification 
In this section, we perform comparative analysis among iPTF14atg, SN1991bg, 
SN2002cx and SN2002es on the photometric and spectroscopic evolution and host 
galaxy and demonstrate that iPTF14atg is likely to belong to the SN2002es family. 
 
Photometry The multiband lightcurve of iPTF14atg is shown in Figure 3.  Note that 
there is a ≈ 0.2 mag  difference between the PTF r-band and LCOGT r-band magnitudes. 
We calculated synthetic photometry using the iPTF14atg spectra and the filter 
transmission curves and found that this difference was mainly due to the filter difference. 
 
Because iPTF14atg is not a normal SN Ia, the usual lightcurve fitting tools for normal 
SNe Ia (e.g., SALT252, SNooPy253) are not suitable to determine the lightcurve features. 
Thus we fit a 5th-order polynomial to the B-band lightcurve and derived a B-band peak 
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magnitude of 17.1 mag on May 22.15 and ∆m15 = 1.2 mag. We also infer that the line-of-
sight extinction is low because the Galactic extinction in this direction is AB = 0.032 and 
because we do not see any sign of strong Na ID absorption in all of our low-resolution 
and medium-resolution spectra of iPTF14atg. Hence, given the host galaxy distance 
modulus of 34.9 mag, we conclude that iPTF14atg has an absolute peak magnitude of -
17.8 mag and that iPTF14atg is a subluminous outlier of the well-established relation 
between the peak magnitude and ∆m1554. 
 
We compare iPTF14atg with the three major families of subluminous SNe Ia with 
prototypical events of SN1991bg, SN2002cx and SN2002es. From Extended Data Figure 
1, we can see that: (1) the peak magnitude of iPTF14atg is brighter than that of 
SN1991bg, similar to SN2005hk (a typical SN2002cx-family event), and fainter than 
SN2002es. However, both SN2002cx and SN2002es families have large ranges of peak 
magnitudes18, 20. (2) iPTF14atg evolves more slowly than SN1991bg in both rise and 
decline phases. (3) iPTF14atg has a slower rise than SN2005hk. (4) Unlike SN2002es, 
iPTF14atg does not have a break in the lightcurve about 30 days after the peak. A caveat 
about this comparison is that the lightcurve of iPTF14atg, especially the very early part, 
might be distorted by the SN-companion collision. 
 
We present the near-UV and optical color evolution of iPTF14atg in Extended Data 
Figure 2 and compare it with SN2011fe (also known as PTF11kly, a normal SN Ia in 
M101 six Mpc away from the earth)13, 55, SN2002es, SN2005hk and SN1991bg. The 
figure shows that iPTF14atg was initially bluer in uvm2-uvw1 by more than two 
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magnitudes than SN2011fe which is classified as a near-UV blue event13. Though 
SN2011fe gradually becomes bluer while approaching its peak, iPTF14atg remains the 
same color and still bluer at peak than SN2011fe by one magnitude. The optical color, 
indicated by B-V, iPTF14atg was initially red, then it quickly became blue in a few days 
and then followed evolution of SN2002es. Though SN2011fe was also red initially, it 
gradually became blue during the SN rise, reached its bluest color near the SN peak and 
turned red later on. 
 
Spectroscopy Spectral evolution of iPTF14atg is presented in Extended Data Figure 3 
and is compared with those of SN1991bg, SN2005hk and SN2002es in Extended Data 
Figure 4. 
 
On May 6 (within four days after explosion) when the UV excess was detected, the 
spectrum of iPTF14atg consisted of a blue continuum superposed by some weak and 
broad absorption features. In Figure 2 and Extended Data Figure 3 we tentatively 
identified Si II, S II and Ca II. Combining the photometry from Swift/UVOT, the SED 
can be approximated by a blackbody spectrum of temperature 11, 000 K and radius 6, 
000R (Figure 2). None of the known subluminous Type Ia supernovae have been 
observed at such early time to compare with, so we turned to SN2011fe2. Unlike 
iPTF14atg, the spectra of SN2011fe taken within two days after explosion show clear 
absorption features commonly seen in a pre-max SN Ia, such as Si II, S II, Mg II, O I and 
Ca II. We therefore suggest that this spectrum of iPTF14atg has a dominant thermal 
component from the SN-companion interaction and a weak SN component from intact 
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regions of the SN photosphere. In the next spectrum taken three days later, spectral 
features like Si II and Ca II have emerged. In the spectrum taken on May 11, we clearly 
identified Si II around 6100 Å. with its minimum at a velocity of 10,000 km s−1. This 
velocity is lower than that of a normal SN Ia at a similar phase56. 
 
In the spectrum taken on May 15 (about a week before its maximum brightness; first 
panel of Extended Data Figure 4), we identified absorption features like Si II, the S II 
“W” around 5000 Å and O I and concluded that iPTF14atg is a Type Ia SN based on the 
presence of Si II and S II. The whole spectrum matched well to the SN1991bg spectrum 
at a similar phase after we redshifted the SN1991bg spectrum by 3,000 km s−1. The 
difference was that iPTF14atg did not have a Ti trough around 4200 Å as deep as 
SN1991bg. This iPTF14atg spectrum showed little similarity to that of SN2005hk, a 
typical SN2002cx-like event. 
 
Near the SN peak (second panel of Extended Data Figure 4), the spectrum of iPTF14atg 
shared similar absorption features with all three families of subluminous Type Ia SNe, 
though the depth of the absorptions and the continuum shapes differed among them. 
iPTF14atg had a velocity lower than SN1991bg but higher than SN2005hk. The best 
match to the overall spectral shape was between iPTF14atg and SN2002es. 
 
The post-maximum spectral evolution (third to fifth panels of Extended Data Figure 4) 
shows that iPTF14atg shares many spectral similarities with SN2002cx-like events, but 
differences in the near infrared part of the late-time spectrum taken two months after the 
	   27	  
SN peak (fifth panel of Extended Data Figure 4) disfavored its classification of a 
SN2002cx-family. In contrast, iPTF14atg spectra matched well with the limited spectral 
information available for SN2002es-like events. 
 
Another interesting feature of iPTF14atg is strong and persistent C II 6580 Å absorption. 
The absorption feature C II, is sometimes seen in pre-max spectra of normal SNe Ia57, 58 
and always disappears before the SN peak. Only in very few cases56, 59 did the carbon 
absorption feature exist at a velocity decreasing from 11,000 km s−1 to 9,000 km s−1 after 
maximum light. It also has been reported in pre-max or max spectra of SN2002cx-like 
events but not in post-max spectra60, 61. SN2002es may show very weak C II three days 
after maximum19. In the case of iPTF14atg, the C II 6580 Å absorption is first seen at a 
velocity of 11,000 km s−1 in the spectrum taken on May 11 (about 12 days before 
maximum light). Its velocity decreased to 6, 000 km s−1 near the maximum light.  After 
the maximum light, its velocity kept decreasing.  It was detected at a velocity of 4,000 
km s−1 in the spectrum taken on June 6 (two weeks after maximum light) but not later. 
The long-lasting carbon feature indicates that both high-velocity shallow layers and low-
velocity deep layers in the iPTF14atg explosion are carbon-rich, which is evidence for 
incomplete burning extending deep into the ejecta. The incomplete burning is consistent 
with a pure deflagration62. 
 
Host Galaxy The host galaxy IC831 is morphologically classified as an elliptical 
galaxy63 or an S0 galaxy64. Its SDSS spectrum shows very weak Hα and [O III] emission. 
This suggests that the host galaxy has little star forming activity. iPTF14atg occurred 
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about 4.6 kiloparsecs from the center of IC831. In all iPTF14atg spectra, we did not 
detect any Halpha emission either at the SN location or underlying in the galaxy 
background, suggesting that iPTF14atg was born in an old population. This strongly 
argues against that iPTF14atg is a core-collapse SN. Furthermore, SN2002cx-like events 
prefer star-forming regions while SN2002es-like events are all found in the passive 
galaxies18, 20. Hence the nature of its host galaxy makes iPTF14atg more likely to belong 
to the SN2002es family. 
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Table Extended Data Table 1: Spectroscopic observation log 
 
a The Dual Image Spectrograph (DIS) on the ARC-3.5m telescope at the Apache 
Observatory, New Mexico, USA. 
b The Andalucia Faint Object Spectrograph and Camera (ALFOSC) on the Nordic Optical 
Telescope at La Palma, Spain. 
c The Double Spectrograph (DBSP)30 on the Palomar 200-inch Hale telescope at Palomar 
Observatory, California, USA. 
d The DEep Imaging Multi-Object Spectrograph (DEIMOS)31 on the Keck-II telescope at 
Mauna Kea, Hawaii, USA. 
	   34	  
e The Low Resolution Imaging Spectrometer (LRIS)32 on the Keck-I telescope at Mauna 
Kea, Hawaii, USA. 
f The Gemini Multi-Object Spectrograph (GMOS)33 on the Gemini-N telescope at Mauna 
Kea, Hawaii, USA. 
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Table Extended Data Table 2: Swift Observation of iPTF14atg 
 
a The uncertainties are at a 66.8% CL. 
b The upper limits are at a 99.7% CL. 
c This is a reference epoch to remove host galaxy contamination. 
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Extended Data Figure 1: Comparative analysis of iPTF14atg lightcurve. The 
lightcurves of iPTF14atg are compared to SN1991bg65, a typical SN2002cx-like event 
SN2005hk, and SN2002es. The red triangles are upper limits at a 99.9999% CL for non-
detections of iPTF14atg. The error bars denote 1-σ uncertainties.  
 
 
	   37	  
Extended Data Figure 2: Comparative analysis of iPTF14atg color evolution. The 
color curves of iPTF14atg are compared to SN1991bg, SN2005hk, SN2002es and a 
normal event SN2011fe. The error bars denote 1-σ uncertainties.  
 
 
	   38	  
Extended Data Figure 3: The spectral evolution of iPTF14atg. Ticks at the top of the 
figure label major absorption features. 
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Extended Data Figure 4: Comparative analysis of iPTF14atg spectra The spectra of 
iPTF14atg at different phases are compared with those of SN1991bg, SN2005bl 
(SN1991bg-like), SN2005hk, SN2002es and PTF10ujn (SN2002es-like) at similar 
phases. 
 
 
